Biocatalysis is a more sustainable alternative to chemical catalysis. While trying to obtain value added products from a biomass, looking beyond lignocelluloses (e.g.: marine polysaccharides, plant gums) may pay dividend. Many waste materials can be looked upon as a source of oil. Oil can be a rich source of diverse types of chemicals apart from biodiesel. Similarly, glycerol, the common by-product during biodiesel production, irrespective of the oil used, itself is the starting material of many products. Biocatalysis already is a viable option for the biodiesel formation step and may have a greater potential scope in glycerol chemistry. The ways to obtain the necessary biocatalysts and tailoring a given biocatalyst for a particular activity in the context of biomass valorization are discussed.
Biocatalysis, in general, is considered to be a more suitable alternative to chemical catalysis [1, 2] . Hence valorization of biomass using biocatalysts enhances the sustainability quotient of such processes. This commentary article presents an overview of the use of biocatalysis as applied to the conversion of biomass into value added products.
Types of/sources of biomass
Looking up an excellent book published in 1995 [3] , we find biomass defined as "all organic matter that grows by the photosynthetic conversion of solar energy". The net carbon production is highest in forests (~33 × 10 9 tons/year) but is followed by another impressive figure of 25 × 10 9 tons/year corresponding to marine sources. The lignocellulosic material present in the plants has attracted sufficient attention from the beginning; interest in the marine sources has also intensified in the last several decades. Still, enzymology of cellulases is more extensively studied than chitinases. Much less work has been done on agar/alginate or carrageenan degrading enzymes [4] . At present, polysaccharide degrading biocatalysts lead the list of biocatalysts used for the conversion of biomass into fuels and fine chemicals. It is not just degradation, modification of polysaccharides is equally important. For example, modification of xanthan which is used in food processing, textile, paper and paint industry is a valuable transformation [3] . Acylation of xanthan alters its functional properties in its applications. There is a scope for biocatalysts there. Some green shoots in this approach are beginning to appear [5] .
Within plants, oil has become a starting material for the synthesis of numerous valuable chemicals. Oil itself is not generally treated as a biomass. However, let us base our discussion on a broader view of biomass: a renewable resource especially if it is not exploited yet and/or treated as a waste material. Metzger and Eissen pointed out that rapeseed oil has the lowest gross energy requirement (GER) of all the base chemicals [6] . (Base chemicals are chemicals produced > million ton per year worldwide and are starting materials for a large number of other products). The review also points out that "approximately 51% of the renewable raw materials used at present in Germany are fats and oils, carbohydrates are included in the other 6%!" [6] . Apart from biodiesel, obtaining biosurfactants, engineered lipids (for nutritional purposes) and new materials from fats/oils are all industrial level processes. It may be pertinent to point out that while it is still not a practical method, aqueous enzyme oil extraction (again the role of biocatalysts!) remain a very desirable technique to develop [7, 8] . More important, the concept of biorefinary is tied up with deriving platform molecules from rest of the plant material after the seeds are harvested [9] .
It has been pointed out in recent years that enough oil is present in sources not tapped so far. This is not just a reference to the inedible oils like from jatropha and castor which have been fairly well studied for conversion to biodiesel and biolubricants [10] [11] [12] . The oils present in spent coffee grounds, bird feather and waste from tobacco industry constitute renewable resources [13] [14] [15] . With oil from spent coffee grounds, facile conversion to biodiesel has been reported [16] . Japan's experience has shown that oil from kitchen waste is a viable source for conversion to biodiesel [17] . Glycerol is the common by-product in all conversions. So, these renewable resources can also be tapped for all the excellent products which have been obtained from glycerol so far [18] [19] [20] and that list is growing [21] .
Glycerol is a part of a rather small list of "green solvents". Given its high viscosity, it has not become popular as a reaction medium. However, there are reports which suggest that as a reaction medium for biocatalysis in low water media, glycerol does offer significant potential [18, 19] .
Recent interest in microalgae as a source of oil for conversion to biodiesel [22] [23] [24] [25] shows that search for new renewable resources is a continuous exercise. It is interesting to recall that National Renewable Energy Laboratory had published a "close out report" on biodiesel from algae in July 1998 on a program funded from 1978 to 1996. To quote from that report: "The cost analyses for large-scale microalgae production evolved from rather superficial analyses in the 1970s to the much more detailed and sophisticated studies conducted during the 1980s. A major conclusion from these analyses is that there is little prospect for any alternatives to the open pond designs, given the low cost requirements associated with fuel production. The factors that most influence cost are biological, and not engineering-related. These analyses point to the need for highly productive organisms capable of near-theoretical levels of conversion of sunlight to biomass. Even with aggressive assumptions about biological productivity, we project costs for biodiesel which are two times higher than current petroleum diesel fuel costs" [26] .
Sometimes, we have to wait before the time for a particular idea arrives! May be the valorization of food waste is one such idea [27, 28] . Seaweed lipids constitute another renewable source of diverse compounds of nutritional value or with very interesting physiological effects [29] .
Choosing/tailoring biocatalysts
While currently available information tools have facilitated cross-fertilization of ideas from different areas, it also has created what biochemists call feedback inhibition. Too much information of varied reliability still makes it difficult to identify the right alternative. Here is a quick list of choices available while deciding about the use of a biocatalyst for valorization of biomass (Table 1) .
While earlier, one was limited by enzymes readily available from microbial/plant/animal sources, that is no longer the constraint. Cloning a gene in a suitable expression system is now a fairly well established route. E. coli remains the first choice as the host expression system. In case of the enzyme ending up in inclusion bodies (IBs), many refolding strategies are available [30, 31] . Lately, IBs are no longer looked upon as completely inactive proteins. Many turn out to have significant biological activity and IB formation is being exploited as carrier free immobilization [31] . In some cases it is necessary to obtain the enzyme in a post-translationally modified Whole cells can also be used in permeabilized form [52] Wild type or mutant enzyme produced by rDNA technology Some organisms are frequently used as the source for industrial enzymes [53] Refolded from IBs or use of IBs itself Choice of the host is important. For enzymes where activity depends upon post translational modification, higher organisms are used as host expression systems [54] (B) Free or immobilized form Soluble conjugates For insoluble substrates (which is often the case with biomass), soluble conjugates [55] or enzymes in membrane reactors are preferred [56] Carrier free or insoluble support Enzyme aggregates like CLEA [57] or CLEC [58] have high volumetric activity (C) Operational stability This may be different from storage stability [36] (D) Reaction medium The use of co-solvents is under exploited [59] (E) Normal or promiscuous activity As more enzymes, engineered for better promiscuous activity, become available, this application may increase [60, 61] form. In such cases other host expression systems have to be used. In many cases, whole cells as biocatalysts turn out to be a more economical option when mass transfer constraints are either not significant or can be minimized by the use of permeabilized cells. Many redox enzymes require co-enzymes, the latter either has to be regenerated [32] or whole cells become an attractive option. Unfortunately, in such cases permeabilization of the cells is ruled out as low molecular weight co-enzymes would diffuse out. Both enzymes and whole cells can be either used in free form or immobilized form [33, 34] .
Given the complex nature of the biomass, the stability of the biocatalyst is a crucial parameter. It is necessary to be clear about the stability data available from the literature or the vendor. The thermal stability measured in aqueous buffers is not necessarily a reliable parameter. Measurement of the operational stability with a substrate dissolved/suspended in a mixture as close to the biomass composition may be a good starting point. It is not a good idea to base this choice on the basis of the optimum temperature as that depends upon both the assay composition and time period of assay measurements [35, 36] .
Today, one can carry out biocatalytic processes in a wide range of non aqueous media. This is especially useful with biomass as a substrate since pre-incubation of the biomass with the reaction medium sometime can serve as a pre-treatment step. For biocatalytic processes in dry organic solvents, choosing the right water activity for the reaction medium and maintaining it throughout the process is important [37, 38] .
It is now known that classical microbiological techniques for searching for suitable microbial sources do not tap a vast amount of microbial diversity. Metagenomics (initially called environmental DNA technology) is a powerful tool to search out for a suitable biocatalyst [39] .
Directed evolution compliments protein engineering in tailoring enzymes for a particular purpose. Stability and specificity both can be altered [40] [41] [42] . Contrary to earlier belief, new enzymes continue to evolve [43] .
The range of substrates on which enzymes can work has become considerably enlarged with the discovery of catalytic promiscuity [44] [45] [46] [47] . In such cases, very unrelated substrates bind to the same active site. The binding and catalysis generally involves qualitatively or even quantitatively different active site residues. For example, till few years back, if one wanted a biocatalyst for a redox reaction, one would naturally choose a suitable redox enzyme. That still may be the best option but not necessarily the only option. Enzymes can catalyse reactions which are not expected according to their EC classification [46] . For example, recently we showed that a simple lipase can carry out Cannizaro reaction [47] . Not only that, starting from an aldehyde, formation of alcohol and/or acid could be controlled by a suitable choice of lipase and/or a reaction medium. At present, such accidental catalytic promiscuity generally is not of significant level for biomass valorization. However, there are enough results which show that both protein engineering and directed evolution can create a biocatalyst with a significant level of promiscuous activity [44, 45] .
It is believed that "accidental catalytic promiscuity" results inherently from how new enzymes evolve [48] . Dellus-Gur et al. [49] have discussed how functional innovation (during evolution) depends upon protein structure. Conformational plasticity (which results in various conformations of a protein co-existing) correlates positively with new catalytic functions emerging. More interesting is the hypothesis that stability (opposite of plasticity) can also promote innovability/evolvability. According to these authors "Stability promotes evolvability only if stability is an additive, global parameter, whereby stabilizing mutations in one region (e.g., a protein's scaffold) readily compensate for the destabilizing effects of mutations in other locations (e.g., in the active site region). While this is the prevailing model, can it be taken for granted? In some proteins, higher stability is mediated by mutations in residues that mediate function, suggesting that stability and function do trade off " [49] . The above illustrates how our understanding of protein evolution can further help in engineering biocatalysts for an application such as biomass valorization.
Conclusion
Clearly, valorization of biomass is at the heart of developing sustainable chemical processes. The concept of biorefinary is based upon that. It is interesting to note that the area of process intensification is bringing chemists, engineers and biologists together [50] . Process intensification initially focussed upon reduction in the size of the process equipment but has evolved into a more inclusive version. The aim is to further develop multifunctional reactors. Microwaves, ultrasound and solar energy are emphasized as alternative energy sources. In the context of the present commentary, carrier free immobilization reduces reactor volume, biocatalyst formats like combiCLEAs facilitate the design of multifunctional reactors [51] .
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